Abstract-Fuel cell based vehicles, when compared to conventional vehicles, are relatively more efficient in terms of energy conversion and do not pose any threat to climate due to no emissions of hazardous gases. An implementation of speed control of electric vehicle is proposed in this paper.
INTRODUCTION
Fuel cells (FCs) are devices that convert chemical energy directly and continuously into electrical energy. The elements of the reaction are pure hydrogen (fuel), oxidant, and oxygen, whereas water, heat and electricity are the products of the reaction. Principally, FCs are direct single stage energy conversion devices that relatively provide high electrical energy conversion efficiency. FCs systems, offer a clean alternative for energy production and are considered one of the most promising technologies to be used in the near future as power supply sources, in various portable applications [1] [2] [3] [4] [5] . The FCs have characteristic features, such as high efficiency, zero/low pollutant emissions and fuel flexibility, which makes it an extremely desirable option for future power generation. There are many types of fuel cells; e.g., proton exchange membrane (PEM), solid oxide (SO) and molten carbonate (MC). The PEM fuel cell, in particular, has been widely employed in distributed generators and portable applications, due to its reliability in suppling power during steady state operation [6] [7] [8] [9] [10] . Over the past two decades, investigation of PEM fuel cells has risen dramatically [1, 11] . Such interest is driven by technology developments in membrane technology, which eventually improved PEM fuel cell performance. In addition, the use of more efficient catalysts made PEM fuel cells more amenable to operation with methanol through new bimetallic electro catalysts. That in turn led to a major reduction in their cost. PEM fuel cells have been targeted as a likely power plant for hybrid electric vehicles and a viable replacement of internal combustion (IC) engine in alternative energy transportation applications [5, [12] [13] [14] .
In this paper an application of dSPACE DS1103 to control the speed of a separately exited DC motor fed by (PEM) fuel cell is proposed. The control scheme has been developed using MATLAB/Simulink toolbox. The dSPACE DSP allows for both data acquisition and implementation of control scheme in real time. The instantaneous motor speed is measured and compared to a preset desired reference speed. The error is amplified via Proportional-Integral (PI) controller in an effort to accommodate any disturbance in the speed, and consequently, a proper PWM triggering signal is generated to control the IGBT switch of the Boost converter for voltage regulation to achieve real time speed control of DC motor.
II. CIRCUITS DESCRIPTIONS AND PRINCIPLE OF OPERATION
Typically, an electric vehicle is a vehicle supplied by an electrical source. The power bus is a dc link between source and load. FCs that produce dc voltage outputs can be connected to electric power networks through power conditioning units such as DC-DC and DC-AC inverters. The schematic diagram and the system configuration of a FC powered boost DC-DC converter fed separately exited DC motor is shown in Figure 1 . 
III. RESULTS AND DISCUSSION
To verify the principle of operation and the accuracy of the results of the proposed system, a prototype is built in the laboratory and checked for different case studies. The system configuration for the experimental setup is divided into two parts: the dSPACE DS1103-based digital signal processor and the power circuit. The dSPACE-based control board enables software flexibility and allows implementation of the proposed control. The power circuit prototype rating of 1.0 kW (200V, 5A) has been implemented using POWEREX CM150DY-12H IGBT as the boost switch, CS241210 fast recovery diode and DC motor rated 1.0 kW, 200V, 5 A, 1500 rpm coupled to a DC generator as an electric load. The switching frequency used is 10 kHz. Ballard Nexa 310-0027 PEM FC power module is used in this study as a power source.
In order to evaluate the transient response and tracking performance of the proposed system, a speed reference pattern was carried out sequentially with speed profile. Each command lasts 20 seconds and after each elapsed period, the 
IV. CONCLUSION
A practical implementation of dSPACE control board for speed control of a PEM fuel cell fed electric vehicle is presented in this paper. The experimental outcomes proved that the proposed setup is efficient, accurate and above all environmentally suitable due to a reduced amount of carbon dioxide (CO2) emission for a given power output.
